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The structures of the compounds of formulae | and 1l were established by X-ray crystallography.
The catalysts when. prepared according to the conditions described above, are fully active in the
hydrogenation of methacycline to doxycycline. Furthermore, |t is not necessary to add excess triphenyl-
- phosphine to ensure a high yield of the required «-epimer.

50 “The conditions of preparation of the catalysts of the present invention are illustrated in Examples 1 and
2. The rhodium trinitrate dihydrate and hydrazine can be reacted in the molecular proportion corresponding -
to their respective formulae, but it is advantageous to use hydrazine in excess so as to obtain the maximum
yield in relation to the expensive: rhodium sait.

The hydrazine can be used as either the anhydrous base or as the monohydrate. It has been verified

55 that the anhydrous base allows shorter reaction times. '_

o _The triphenylphosphirié is present in excess, preferably in a molar ratio of 3.5 in comparison wrth the
rhodium present. This excess can be increased without any noticeable change in the products formed.

_ To achieve the best results in preparing the compounds of formulae | and Hi, thodium trinitrate dihydrate
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Ih relation to U S. patent no. 4,550,096, the nost striking observation
concerning the-present ‘invention |i EB0283t&46 Blact t hat when the catal ysts
are prepared, dried, and stored under a strictly inert atnosphere, the

" cat al ysts exert fuII activity without the necessit of addi n an excess

tertiary pHe F’MH’?%SP"'H?)@& raqlest H“fdP%aéfqd gthan gi‘jﬁ;‘f (ﬂ?a g osphere por
hydr ogenat i 8#4q% o} e, hydegine, dney injtial, gag; Golowr turps, toyelia Y et‘":en 2 Ay m.';”;i.?"
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vessel , undem the méactcogainturat byoasiding rescesy ptnivenestiphdnisacigr foliqwed gy ¢paipg. ryis!ding iex-
initial redceitoprolupnesyighopate yith & ryity spperiprdo 89%r r ed f or bet ween a f ew m nut es
and two hour sTheiew celatic systam<car Alpebe eropiqyadindhe.dmyliapeoys.dohlogspation, é’g"a"’hbm'
cont i ni #g ;t’;?%‘;“ﬁ’éﬁ%i‘?’é???@'%&‘i”@eaﬂm P e TaYene grave P ey petseye © Wi gegd
ni-t rogen. Subsequently, the. r i on vessel. is

ni trogen, thefMaPoning RRiE PP % ‘I's?% i ARy prverlio. Wit °(’,f{ ﬁ Sn%w%a]/'i}t &p r"]e eh -
hydr ogen. THE®Feaction mixture is heated to 88 C under stirri ng, and the

tenperaturemmd ined at 88 C+ 2 Cuntil the velocity of consunption of
hydrogen slem—',g%s;\‘m drastically, which occurs after about 6 to 7 hours. At

this tinme, 1t Roplraidh bt cﬁ('ﬂ hidraind NG bﬁ)%@é(tﬂ&eﬂﬁ&ﬁép‘ﬁm%ﬁﬁdi&ﬁl' (W Rhnrate

a- 6- deoxy-5 tetTacyctme: —AS s kmowm Tmmthe art, the rate of
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Ther ef or g, 4ted fni 200 Adcket Yol WdttonP iRk cheDieto bted SRIBEvadUCfofBDaMiIRIS. Dy, debased
aci d addi timénsal o al) wabaddodpBlowad By 15Vimlinute€ Btirtirige tohgivghanyorabbed solugiord Thaiadditiyn of
The anpunt Qiragind i aemans (el d ai12.85 oig/nt solition;c2.81 amroblds) pradunedoeebrightt yalinensuspeasion
nol e per nDkchofas istivaediferm forttes 8 minutps. thlsabI@utcrxstatbnm#teﬂapeas fitterbdbofbdndtdried under
substrat e twaclwe. hydr ogenat ed. When the extraneous acid is not nitric acid,
it is possiblé numbgr of latempis wese madaigreeleet-crusials ferfX-tap crvetaliegrapiiscrpalyis. by almost all
fornmul ae | samgled selectaguwete bydnned: By aysynall fraomegat f5om @ flargen glongaied @argliejogiped s
purity of thendmwhishwansingla. Thieiwes yspd,©r ealiectiphel d-ray data oy aniERsaf-Nonjys cﬁB‘?( [ ‘P’?ertﬂé'

i can be dir eﬁ!ﬁ%ﬁ%ﬁ?ﬁegﬁﬁ ﬁ%‘?‘(’f ﬂ%é’é@%\@ftﬁ 6;?39;%9&’?1 F@:ﬂ ripation A I

p- \o) uenes €4 G T Q1P oMy i -

p-t ol uen&u‘? ﬁo(ﬁgpﬁr | %2y1°§( eft 8 %? 9\5% %T gﬁ éa al 9'[3 Ec'gysf"em

can al so be™g h Q I | -
ol tensi ueata wa % Hfhqu 1%9 Ezfﬁ gr{ ;223 wﬁgnlsﬁgs
20 subst i t{h é‘ﬁ%'ﬁ kb £ Vet ol S 0 ik
of 11 a-chl§ A vyt mof ey 118 mﬁm;@tnmét%auaw ¥R
to illusty a{m%n | Qfou ﬁmhoéanmsmwmaw dshigidtbokiiBs. aneycm.em H Valliolid 01, WitPalsiuae
-t hereof . 254 4 Boropic afgrm,a{ i on of |
di ([err]-hydr agd Beuclufd Edntaingrd bentrbdyfmineiris (dinierip eaton| i WBIER v PPha)RBChinkitsNasel iinked
~dinitrate Ragskier By iwolbRiidingHyaratine Wickcale to(dloddéd fcenttal B, NITHRY. 88 syniiieky, this therefore
t ri phenyl phgspithdccohOrmabiong The RhSBanaTRbHNedistaniasy ate @dmalpl aced in a two necked
-round botsd om fl ask. They were stirred under vacuum for 30 mi nutes. Dry,
' degassed nee.Irespadation DOu-Sicrbapastazanteh'o* N> bisiisdridhgnyibhosphimairhastums®] dinitrakey,  t 0
. give an orange solution. The addition of -
Rhodium trinitrate dihydrate (0.36 g; 1.18 mmoles) and friphenylphosphine (1.12 g; 4.27 mmoles) were
placed in a two necked round bottom flask. They were stirred under vacuum for 30 minutes and then under
56 an atmosphere of nitrogen for 15 minutes. Dry, degassed methanol (100 mi) was added and the mixiure
stirred for 15 minutes. Hydrazine in methanol (10 mi of a 10.77 mg/m! solution; 3.36 mmoles) was added
and the reaction mixture was refluxed overight. The orange solution was filtered and stood at room
temperature for 3 days, during which time large orange crystals were deposited. These were filtered off and
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-hydrazine in nethanol (7 m of a 12.85 ng/nrl solution; 2.81 mmol es)

produced a bright yellow suspensi ﬁ%ﬁﬁ‘%& stirred for a further 30

m nutes. Thi s yeI I ow crystalline material was filtered off and dried under

vacuum 35 wfer of atterrpts were made to select crystals for X-ray
t

der vacu
crystal | Ogr b 'w§s ﬂi%srko&'n! mﬁ.@{&? 'df?s%{ 6 (e %9‘4’emr§ouésg:d:p%8n
Event ual | y, osg.,.,m hu,asg ol @ ANIR8Y7 Bt S5l i
found whi Gfanigs @8 %n@ stirrlr 'f§r "B RS BBt B HSiGh, i seing ol &% aé..ﬁnapsra@a
.Enr af - N9n|c|+§ta| hdd actoneter, fol | owm ng standard procedures. Detal
the crystal Adghgle apsda ot suéabéla.emd@rtoe«r R s8flecPlirReddigdnOh b WP walled Gla¥eSdagiliary.
dat a:’Fer it celt and Irpéhéityl@ata WEE OBthihddl tBing TR TRRI-NErRUE mAG%/dmramoh Bte! foflowthl standard
'24. 431( 3) Arockiiures. idtaflS8 () eRperimontal fodtuldd Atesfoliohsr 1] = 94.27(2), V = 7258.8
Jerr], Z wrybtal Bata:=[ClsH3N. B ARAINGs)o (EBSOHIN,  MDo.5.eMiv] )= 455.18 (beldidg Bt Methanol),
col | ectioomondaanmnerssécb;grodamaumme 220b9(®A1 e 23B1t 3R, cange.s3g@A.rd= 100561@) aNd= a
total of Z08®AR.M el@shd FasS7geme?, wMns e e, 5.38fcmhi ch 3883 were uni que and 2336
wer e obseDg@dolertion: Bitewerp recpyered femds US &S 2% oo eppeatue, 29K and corescied dorwas
sol ved vi gbsorptiorrrmpirigaliyt A intepsitisd wergrrepapuséd, plowhidy755uvere pipservedll 1 Sa d). asdjuedes.
.The 45 plnd ? $iBups in the Phosphl nes were treated as rigid bodies. The
current™R vd ‘f°§"50""§§°"’% Yiytha jhpavy aigmemetiaod; and epfingql Gyl mateit pas pquares. Al non-
‘appr oxi nathQS‘i‘Pe" Fiams ¥prp (Rfpest ‘@‘hc?ﬂﬁ?“ES?P'ﬁ éheé{“% B?T?'F?S n'??eRhP“V(‘: Q'BH'H’F@P‘F‘% t’??éqdlaél‘l‘g‘lj n

of

‘whi ch tvvo op §‘°5‘fé’" the, Rhep ol ryface were
ol ecul es’ jf?r [g 'f?“’ﬁﬁ“' '%(‘rsr Vg p?'ﬂ???'@'f"d?céteﬂas
h 8" hﬁi o te I e Ipar

;‘a chai r C ex ls s to | nc c t:o m c (Ph3 |ts were etpler (W
par a |gr3,cg£) o %vﬁz, s(°tr| hos °)° um
;(I)Qj/dlntrate umtrlnl ate d|hydrate(0 36 g; 118 mmles) and

jtrlphenylphosphlne (1.12 g; 4.27 mmoles) were placed in a tw necked round
.bottom fl ask. Theyywere stirred under vacuum for30 m nutes and then under
‘55 an agnosphere (f nitrogen fipr 15 gn nutes. Dry| Zegassed nethanol (100
'm) was added and |t xturergﬁl rr for 1§ nyt es. Hydrazi ne in methanol
(10 m of a 10.77 / ol usi'on Sﬁn s added and the reaction
m xture was refl ujed ove ght Ehe oranbe sol utlon was filtered and stood
at room t enper at urje ljo |i$ f'l | arge orange crystals
‘wer e degosited. The @3\/\ere f|| ered ff and g EP O 283 616 Bl dried
under vacuum When the reacti dh was Hgepeat ed u5| g rhodiumtrinitrate

di hydrate (0.28 g<0.91 mmol es), tri @nenyl phosphi ne ((0 ; 3.05

nmol es), hydrazine in nethanol (8 mM of a 10.77 nmg/ m SO[IU'[IOI’] 2.69

mol es) in nethanol (60 m) and stlrrlng for two hours, cIarlflcation by
filtrat®on and standl for S|m ar oane5 cr stas

obt ai ned. hcﬁ,f’ ‘g "°aR/' ° 'Qf the
|

. _ e Sl T lns i t" I’

obt ai ned
precedupesg &i %pl& spa'E fea ures are as.
data: [er r &g -exkDbritnént d gé rﬁst& & J&EtJ}QBPJnErpho?og WQJ&%Ja#nSH Sut w%i&ﬂ%ﬁ‘pe%&’up
P21/, a T adier B ehstalhity of i 86 methaifol. Onlc? aphic Rkdrdination- tHaseddre’) -
V = 7063. QuRd fol contdin Tondiderhy mord mdthashl bdryshalib4abd, }a(l strubt6%6 lof the Tatlon #8s bﬁfdrtt}
Dat a col | @ethagousiitha ivms fstcempwer ed for [err] at roomtenperature, 291 K
and cors#sected for absorption enpirically. 9820 intensities were measured,
bf whi ch B5&tirogemnatonabsethaceding p-tolusisalphiohatd bgig, a mn$olateé chtalyst t he anal ysi s. i s
The structure was solved via the heavy atom nethod and refined by full
mat rix | eastToquwapeggon gmethaeygline p-toluenesulphonate (9.50 g; 15.46 mmoles) in methanol (40 ml) was
added a solution of rhodium trinitrate dihydrate (5.76 mg; 0.02 mmoles), triphenylphosphine (70.0 mg; 0.27
50 mmoles) and hydrazine hydrate (0.71 mi of a 0.0814M solution of hydrazine in methanol; 0.058 mmoles) in
methanol (20 mi). This mixture was hydrogenated at a hydrogen pressure of 8 kg/cm? for 6 1/2 hours at
88° C. Thereatter, p-toluenesulphonic acid (3.3 g) was added to precipitate the doxycycline p-toluenesul-
phonate, which weighed 8.64 g, and had a purity of 98.72% by h.p.l.c.

ss 4. Hydrogenation of methacycline hydrochloride using a non-isolated catalyst

To a suspension of methacycline hydrochioride (7.38 g; 15.41 mmoles) in methanol (40 mi) was added
a solution of rhodium trinitrate dihydrate (5.90 mg; 0.02 mmoles), triphenylphosphine (19.1 mg; 0.07
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hydrogen atons were refined with anisotropic thermal paraneters, the phenyl
groups being treated as rigid bodi @FUMW atons on the phenyl groups
were | ocated experinentally, but for convenience were included and refined
in idealised:positions. Hydrogens on the bridging Ilgands wer e

exper i ment amblys) laot Bydeding hydirdte @7 ynl okd 0.H68IdMplution iof lntdragipe i mekthenalr®l038 mmoles) in
par anet er smetfidnel (9 mél THR mixtureewasshy@rogiatesl atha MEIRgpmprassecfl § kolow? for 6 172rheurs at

~ conpl ex i s8% Boiereabierc priviugiesulphoric reeid | (3.3 @hwisoafdpch toygiecintifate e Jomycyqlingpricjugnagidly o

| i nked t ogeftohaie. whigh weighod 8,08 gyand hag apisity ah P9.54%kY kMan in I1a:- [ERR] 35 The
presence of the nethylene bri dge i nfers a boat confor nptsl on .on the central

[ err] i ngS iydrogenatien nofi MgWagyeliR | yiing: wes-cashppaniazane NN N tisthistfiphgpycohosprige)
nitrate |0§R§9_'.‘52E)_Qﬂﬁ_separat ed fromthe cation and do not appear to be
formng any e IIy o %§e C -g dso t ac ?mé poehIOfdet(Ibedg' > 5 Rimol %ggytgy a
cavi ty A S eﬂcﬁnn';§1 stgml){ sd(sPéege hi Eﬁeﬁ’eﬁ:@l \9 é% d a:p%( ozlen a§an%- SO
possi bl & Jﬁﬁ'f I\Islg n Ee% g‘f\ j&%m 0 g moles of
occupi ed bf T Tl b &b 'oP Hitrode ﬁer\)%%%ﬁjéas %a'mm&mgéaraww
crystals o abon)and' s fsecﬁef smh Wilrdge® Tha kAl Hodto@ RPRRAEGS 6f 2
suffer | osgug wn‘ﬁre‘fiéfeﬁi frind. (e B rég%m\éékheiﬁ bi8dh nﬁb&aﬁb‘iﬁ -{3RBHRbuiphbNic acid (4.65 g; 24.2
cryst al LoohRNEE) GaseRiRdBAbickht sErARS &hdVBtirngl WaNntinbeds RN Rarolirs GABBAMSE ha bbsitingdT €
met hanol  Ofrediditdis wal filofedl waaRbd vt la shBEquahtitIsHmetandDbndtdiied @@kt @n was found to
be anal.ogous Theyibldat a-Baedxp8-hlydrbytetrayoipb @Xolushbsulphonkly Was J201 3] or @.8Bfof theoretical. -
et hacycl i Bgh.prd. ol wie siesvi kpbtogseepuksi Ng a non-isol ated catalyst To a
suspensi on of nethacycline p- t ol uenesul phonate (9.50 g; 15.46 mmoles) in
maUnoIzo (eRimd ) was added a solution of rhodiumtrinitrate dihydrate (5.76
ng; ~0. 02 ndeimsspr the folloingyGantractingi States: AT, BE, €; DB FBJG%@RMTDI-Q?%— $Fnd

hydrazi ne hydrate (0.71 m of a 0.0814M sol uti on of hydrazine in nethanol;

0. 058 rmol &s)A precenefon theaireperationf 12, rhopiymscorialping hemeggaeops, Bydingenatianegtalytic gystem.

hydr ogen pr edthigh comprisgs fagetieg® thegiuns salt 2 hydrgzine apd 3 fertiely pheRhiag in g solvent under
p- t ol ued®sul (SHeRse inggicend '3"93"'&5“*&%’@“ é‘dﬂ?é&‘et"afd'[ﬂ?‘éélf isirkodip tIrt"H’é‘"cloxycycl i ne

p-t ol uenesul honate Q‘ 12%
|a (ﬁm %@ %n,aﬁ/ W?) Ls Tlpgl ong?e ydrazme |s
Eoﬁ : sol at ed g ﬂ:gg o?tsahyg[? I‘Jé 8rf° r’?e?"h Vil tho co(':]r'(r)"(':1 eg‘to our(°7r.b§rh

g; 15.41 mol®E¥ i n net hanol (40 m) was added a soI utlon of rhod| um

trinitrdfegdi R d 50 prorlolo YRR i (dh Bach s
0.07 7 ,gyb%ﬁsé ﬁdﬁﬁ%@gﬁ’mﬁ %na?%b:;gseof l%’ip%i(p & dndttomPénedo four
0.0814M SO' Ut hdiid op ﬂ&!l’d&?adﬂ%‘nhﬁ%vent%&é& se RduRRdl. | n met hanol (20
m). This mxture was hy rogenated at a hydrogen pressure of 8 kg/cnR for 6
1/2 hours at sMBBrofess TERFamafth RlaimsDt, t20brUS; vdSIdIn e Batdlytia Gyslent & progjedartleragidiaslt t 0
precipitate tdirospridrey by bdct®y the trédgté) @b Hl tempaiaiund betweantoarh tantiecatue arfd. tBE radiux
and had a puribrhpsratire &dnetdédivey h.p.l.c. 5 5. Hydrogenati on of nethacycline
using [err]-3-carbopentazane-[err]-bis[bis(triphenyl phosphine)- rhodium

(1 W di ni t 6.atse pldedde rmdoltlng- 16 -akiras §,- B ord1 Wyeraim the Soatalytity eystpmes rreappred i"inesitu” in a
hydr ochlsor i ddw@r@@anabngﬁact@&m‘mml es) was sus- 10 pended in nethanol (84.5
m) in a stainless steel h pressure reaction vessel and

[ err] - 3- caPbdherAtess aaserding E?r‘??ﬂ'm 51%" offy raqdiym gw WHEPPP@)('P’P?W“GW’ ydsagine
dinitrate (25higactey pfhe ?F?ﬁ?l‘??s“ deg EW’ﬁ‘HiP an (08 ATTRFPIRE ST BB RIRTTE ©f an
at nosphere ofthgy ’f‘l“@@éﬁ' "he vessel was purged with nitrogen, then with

hydr ogerf®and pressurised to 8 kg/cn2 with hydrogen. The reaction nixture
was heated to [err] for 6 1/2 hours with efficient stirring. The hydrogen
was then discharged and p-tol uenesul phonic acid (4.65 g; 24.2
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15 mol es) added under efficient stirring. The stirri s continued for ‘
2 hours whereafter the resulting peeoiogsepg giwas filt rﬂﬂm '"ﬂﬂ'mnm !
smal I quantity of nmethanol and dried at [err]. The y|
a- 6- deoxy- 5- hydroxytetracycline p-tol uenesul phonate was 12. 0 g, or® 89.8% of
t heor et i cainoleghyant hysrdzing hydrite (OA7amigihe\HP8T4N Eniuti@Dof 29Grarinedn maanGk B.D3BEMIGbIes) s

for the fopthaspl @Y miofitis mbduryasSeygrogenatedpt a pidrogep predEure P8 koim)” fGRE 1/2 Tipurs &f,

NL, SE 1.89ACpThsseatler, piniuepesuippanicasid B3 was addef 1 giegiRitataothe ammgwemtnbgemous
hydr ogena‘f’l%?ﬁe - dhicapsigheg 990 gt ahhadh Pety HRBFeLEEPIRacting a rhodiumsalt, a

hydr azi®ne_and a tertl hosphi ne in a sol vent rwi se
|%er fz conEl kA ’-"J 0P A9t a&&ﬂi&& m&&ﬁéb@smﬁmﬂmwmﬂ»

trinitrat ess according to claim.l, wherein the tertiary

phosphi ”e ' ’h‘él: EmA)dAE-s- h}r Eargéya fazﬂ bchioRd 1654 HS1 )7l aiefs) Ol é-s
hydrat g, E&g%% ﬁ‘ 2.@5‘ sfiln &ﬁg (anﬂfn ﬂj% i) re%&iaﬁ d3biTila Qi3 ;
carbon at @nﬁ;N [b triph&hy fofos 1L Snifrat? (38 mg:; }nglef Ies of :
proporti Oﬂﬂodﬂfm) aBS‘é%Q&J&B-SarP?tEmG&Hh%E‘di' ntr@éeneﬁ‘ vdiBdl Wad urb&H)dnkhUmrJgBﬁ Nhen! iihe f
di hydr at ehydﬁa?érramdaéeamtssu fo @ Mg/cifR [vih n@droden] THRQERHIAANARING WS hédtsd th BTG RNE 120
four "nol esouliwit YetticRAt SMRInd YItE Al drogen Whs oA laicilrdel @nd BltdRdsulbfonid @gia I&68g; 24.2
met hane@d . midblesd . addedpiiraiec sificiaht GhrfitY. MYe tshrrity @bsTEonfinued @12 Boursiefeaitdr thd @sulting
cat al yt i cpreojithte was Sitersdewraheeichith larsthall quantity niamdthanbins piveaeds By reacting t he
reagent s at The Yieldpte-Gideoxg-Sthedroxytatracyoline p-telngresulhomate wasdl 2(0Ige or 8%8%uf theoretical.

t enper at uBeh.pic. tittyes nieswin dnbe W-2%pyse.ocess according to clainms 1, 2 or 3,
wherein the catalytic systemis prepared "Iin situ" in a 40

hydr ogeha®P® reaction nixture, 6. A process according to claim1, wher ei n
r hodi um t $'aimsiecthe f?ﬂ°\"f9\9r%"€"’°‘!’$r%ﬁéﬁ;ﬁ pRB i PRSP RB: &% 4YiNteSBr ¢ react ed
in the presené:re of de assg%tlrretrglrngélu under anol r)rgeermta atrm rrirelre ’rﬁzt}o y|
conpl exes’of’ %% ‘g
hydr at es (0. Z E‘;{Olglfr:gs E?ltuo hg%l!:smed frlrbt atmdraﬁ:ydﬁf%:za is rho rinitra l8|3 eﬂg}g !
nmol esf in MEChanor f% rr'fs) RIS ure mn d 5‘[ % a hydrogen

pressure ‘Pf &QQ ;c'&c';rl:l cl ]I/ %hd?&rwh ﬁ&ogphmy?se{n wlﬁ“’ hing, the hydr ine is
p-tol uenesul ;
p-t ol uenesulﬁg?mg gﬁtgé\gb'&{f al%hwel ghed Cg’&:?arfabp] Ga% Eﬁ‘ﬁ%rlfﬁt%yﬁgf 99. 54%ﬁby

h.p.l.g 5. Hydrogenation of nethacycl i ne using !
[ err] - 3- car hopeRisdastind Idam B wekinSthé MoRNEBYLIIOR @EAB rdagants dald@sled G 2kt Inole |
di ni trate 6oDaG@uM \dnitatedBdatesis MBnhye @6 oub mbgsl BoNHeRIShasPAMb ialkfrom one to four _
hydr ochl or i deles dOhydRzigg hydiate/ attiress) thesivestissdegdd3ed fpetnateld | n et hanol (84.5
m) in a stainless steel high pressure reaction vessel and

[ err] - & cr Bopessss zcaeing [te claimsh]. 2 poB.sytersimihe egtaiptivosyptai rie prebasetl, wndef e finert

di nitrate (2&osghere) bp IFactingothe 3agents) 3t artampesure foetwhesd foom) tempesatisel ded] thervefsx an
at mospher e ¢mpartweéhe. meiiver- vessel was purged with nitrogen, then with
hydrogen and pressurised to 8 kg/éerr] wi th hydrogen. The reaction m xture
was_heat el oPraEpsTagqsding t chaing, o3t Khesein ithej cafplytic systenm ifgrreeprd Tryduodea
was th&h di S¥deegiien ffﬁﬂ‘%"'f’%\"’henesul phoni ¢ acid (4.65 g 24.2 15 nol es)

\?\‘ﬁgsga?{]gf r tla\ffrg;cl cs;sl at%ntrdusr tiorclam? q 3 ﬁodrurmr &Qi gﬁa% 7l ﬁj)hos ne an %mﬁ{ ine
guantity of , ge 'F % ed a @% ' re °
[err] - -deoxy- -hydroxyt etracycl I ne p- toI uenesul phonate was 12. 0 g, or

89. 8% of t heoretical .

R 1 3 A AR s 4t RO e se
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By h.p.l.c., it was shown to be 99.2% pure., 20 Cains Tains for the
follow ng Contracting States AT, EEO:I&SG1®|B1 FR, GB, E 1.
:A process for the preparation of a rhodi um cont ai ni ngﬂjli“imll mmm ,!ﬁ
:hydrogenation catal ytic system which conprises reacti
‘hydrazine and a tertiary phosphigie in a solvent under 25 ot her wi se
inert conditions, characteri s In that the rhodiumsalt is rhodi um
trinitrate. 2. A process accor to clbaim1, wherein the tertiary
phosphigne is triphenyl pho h| Eae hy 2a2| ne |s hydrazine itself or its
hydrate, and the sol ven? pharT i al® ontaining one to four
car bos-atons. 30 3. A pro es ﬁiCCOI’dI ng t } al m 2, wherein the nolar
proportion of the reageghs el cu[ated f0/ea(>h\ nol e of rhodiumtrinitrate
:di hydrate is fromone t four &s—_f—vrl pheny‘? osphine and fromone to
‘four nmed es of hydrazine hydr ate And whgrein the Solvent is degassed
.methanol. 35 4. A process accordlﬁg to 2lg.n® 1, 2 or 3, wherein the
.catal ytic systemis prepared, under an inertgatnosphere, by reacting the
:reagents at a tenperature between roomtenperature and (tbe)refl ux
tenperature of the nedium 5. A process according to clains 1, 2 or 3,
wherei ¥ the catal ytic systemisgprepared "in situ"” in a 40
hydr ogenati on reaction m xturl 6. A process according to claim1l, wherein
rhodiumtrinitrate dihydrate, i ghenyl phosphi ne and hydrazine are reacted’
in the presence of dega s%d thaml under an |nert at nosphere, to yield
_corrpl exes of the formnul 0955 ®Ph, EP 0 283 616 Bl [ ERR] 30
e\e;l ff Ph is phenyl, using Rﬂ eacm;Hm)I e Rh rhodPumtri nitrate di hydrate,
cess of tri phenyl pf/po8hhi Ne /prafrﬁyabl y\%,al east three and a hal f

nol es, and at | east one | e of h drazr gocess according to claim
6, wherein the inert atnosphere i§ nitrip en A process according to

claims,6 and 7, wherein the hydrazine | FQ thydrous base or the
‘monohydrate. 9. A process for the stereosel€gtive hydrogenation of an acid
addition salt of 6-denethyl-6-deoxy-6- methyl ene-5-hyd{oklt)etracycline in-
the presence of a catalyst to prepare [err]-6-deoxy-5-hydrox- 40
ytetracycline with a high yield and purity, characterised by the fact that
‘the catoal yswhergn 8h e pldhyll isihg SHSéRMNIEHIhESIND YinkrBS dHy@8BSan Slce@Y tiher-2i M5
'l to 8, andptiokshinkyptksfe@ahnnea tead trdeSand @ hli RlesDbHd alloast oReAANE SRy SHESeDE WEEN [e”]
rand [err], at a pressure of 1 to 10 kg/cnR and under acid conditions, until
‘the r eact? 0 piosess agrpiding o, cldino b, whieeidl tayinarisatrhasphieasis aitrogehe t hus f or ned corrpound
~by known processes. 45 10. A process according to claim9, wherein the
hydr og¥ndk i Hrerecessc agepriiag] te glaimst 6 and ghpeeainuthe Hydrezimeeis the ranflydansl badsoort the
‘Terr]. 11. ROWP¥EBs according to claim9, wherein the catal yst- has been

prepared w hout |soI ation i mrediately prior to use, by reacting rhodium
2'it r| ni trat®e he\jsterposeiciive '%YH’GQ"&*“F?QI ¥ aﬁﬁ"@'sadéff'mt Bt EdemethSrsiepryed- 50

h orl® i g i se b I L g e
| dl hy dr4§t e efracycline with. a high yield and purity, charact nsed by the fact that the catalyst is a catalytic
_ system prepared by the process of any of claims 1 to 8, and the hydrogenation is carried out at a

. temperature between 60°C and 100°C, at a pressure of 1 to 10 kg/cm? and under acid conditions,
f until the reaction is complete, followed by isolation of the thus formed compound by known processes.

s 10. A process accordmg to claim 9, wherein the hydrogenatlon is carried out at a temperature between
85" C and about 90° C

11. A process accordmg to claim 9, wherein the catalyst has been prepared without isolation immediately
prior to use, by reacting rhodium trinitrate dihydrate with three and a half moles of triphenylphosphine
50 and with one to four moles of hydrazine, per mole of rhodium trinitrate dihydrate.

12. A process according to claim 9, wherein three moles of hydrazine are used, per mole of rhodium
trinitrate dihydrate. '

s5 13. The compound di(,i-hydrazine-N1 :N2)-bis[bis(triphenyiphosphine)-rhodium (l)] dinitrats.

14. The compound u-3-carbopentazane-N',N*:N2,NS-bis[bis(triphenylphosphine)rhodium (1)] dinitrate.




'12 A process according to claim9, wherein three nol es of hydrazine are
used, per nole-of rhodiumtrinitrdPQ28§BBte 55 13 m

di ([err] hydrazi ne-[err] :[err])-bis[bis(triphenyl phos“"-[ mﬂmﬂmﬂ“m)]
dinitrate *
[err]-3- cg? oﬁgg gzaﬁanﬁerrrmgmgf% (frlphenylphosphlne)rhodlun1(|)]

di ni trat e g\ proc fop ttﬁBp?epgr]a@on%jf aq'n@dlmcogﬁ @ ﬁ%héoﬁ%%qg&ﬁ &gyllltp gysé‘nat e
ES 1. A pr OGéhih ns FoabtinG REEiUND! @aIP a r?}chr h GiRh2bHdsdhbhe P'J%Gﬁé}ﬁ%%r
hydr ogenat i %eﬁﬁge ot lchriciitiansS EHaFbtoNda findt HEPHdaRmSalt 8 AfobiMTriniraleN0di UM sal t, a
hydrazine and a tertiary phosphlne in a solvent under 5 ot herwi se inert
condi ¥ ong, CHoGRCAREHIRE b didim i Werdir e ISRRE] PHBREHRb ts tishehyBAELpHIAD, ifel Hytrbsinblis

2. A processyaafideli@bingr itsOhyatats, Bhdl the WBIGEnE isnant Aliphdti€ akcotdl donfalnidg [dhé BefoirScarbon

tri phenyl phasasi ne, the hydrazine is hydrazine itself or its hydrate, and

t he solwent is an aliphatic alcohol containing one to four carbon atons. 10
3. A proc8ss promes alrording to ofginm . whreinviheemelanprédodiomof teer repgeots Galtulated fgfeathimecie
reagent s calof thogditm driritate diltydiatenis [fremmine itdhtodk meles ofi triphpryichesphind gt fmeorjesto fiquom
one to four mAsseshydfazing hydratengndpthersipiihernolvent s degaspedontnand. f our nol es of
hydrazi ne hydrate, and wherein the solvent is degassed nethanol. 15 4. A
procesds atcdy BIPeRSS aesordingitprslaims b 2or 3 whagiarth prtaliie sysiera |is, preraragh, ugda,qn igert
prepar ed, urfifRasehers. |bhé?“l°t"§t 19 SPARENT 2t BORROLANY REIVEaRCTOPMR ARfRReralirg; pndythe reflux

t enper at ur e SRR I“Bd'l’ﬁ t“@rrper ature and the refl ux terrper ature of the

medi um 5 rOcess o cl ai in th cata,l tic
Cyst em SSprpet icgain ‘igm 2 50 Wordy i s PR B RSELP 6.
A Qro cés ac m1 wherein rhodiumtrinitrate dihydrate,

tri phenyleh i @&&1,, o | Yo SnddRACiHFbtd nyaldfo, B R feaaRsAg
et hanol  nQel aaik et g:@sbﬁaeawngfagsed 'ﬂ&u&h&%ﬁp Q:E%E ! p"?.f% X Fﬁ%ffe% ot

and |1I:- 25 th lagPand - Wherein phenyl, using f or each

rhodiugtrinit rate di hydrate, an excess of tri phenyl - phosphi ne, preferabl y | |

at least three and a half noles, and at |east one nole of hydrazine. 7. A
process according to claim6, é\mrei n the inert atnosphere is nitrogen. 10
8. A process according to clﬂ 6 and 7, wherein the hydrazine is the
anhydr ous base or the m)nohydrateH 9. AH rocess for the stereoselective
hydr ogemati on of an amg aﬁidlﬁl onﬁ &denﬁg*y - 6-deoxy-6- 5

met hyl ene- 5- hydr oxyt et racyckj NeAn the pf\e a catalyst to prepare
[err]-6-deoxy-5-hydrox- ytetr&bycllne wi t h Rl h| gh yield and purity,
characterised by the fa?ﬁ p Hat ™ _QaLahyg }pprpat alytic system prepared
by the process of any of 3l ains 1ato 8, nand t he hydrogenation is carried
out at % tenperature between 60 CH gnd 1 19 a pressure of 1 to 10
kg/[err] and under acid conditi ons unt i tm;e reaction is conplete,

foll owed by isolation of the thus forned comdound by kn()\(i/n)processe_s. 70

4 o ©
: NO
3
H H

Ph P _© ﬁ2—7i¢ ® _PPh

4 3 S 7 3
Rh /CHZ Rh

Ph3P/ SN —= \PPh3

. : H HZ . |
50 : NOBQ

| (11)
55 wherein Ph is phenyl, using for each mole of rhodium frinitrate dihydrate, an excess of _triphenyl-

phosphine, preferably at least three and a half moles, and at least one mole of hydrazine.

7. A process according to claim 6, whérein the inert atmosphere is nitrogen.

10




0. A process according to claim9, wherein.the hydrog
ut at a tenperature between 85 C &R 283AMBI0 C 11 El!ﬂ “mﬂm ﬂmmﬁng
0 claim9,- wherein the catal yst has been prepared wt cl SO dl ﬁnd*
nmedi at el P I h umtrinitrate di rate
ith thr eex'aﬁproc ¥ %&O%ngteg g'?ﬁ'? rbbx'llnenyl 9 'ed'gﬁrﬁe 8\ ‘J“’él’fa %13 SBWLOYS LYy the

| es of hydrazi ne per nol e of rhodiumtrinitrate di hydrate. 12. A process

ccordi ng $.0 A bakdss Jor e SbRbdBIeLIS %gf Jg&hﬁﬁn of a.hxda BBuRG Bk S %%F«ﬂemﬁﬁ-%eé@‘}- °
f rhodisum t rrhetylehés-Bydebyttrblid. in2 theRBNEIAEE Rtd QU e%éeﬂ.é%aﬁ;@ a8 @E )
tat s cont r ackeadysiing With anigh: yidld andBpurityClohardterisea Foy té,fac% ’ca é&
roce®8 de pregsen plop@ey by e PRy T BnCa loRins 1 @118, s mecyaasératon &
'ont enant du tedyechturmnbetédien 60° C gad 1000t @ Hebskuie bfeﬁfbt‘ld)l(g/&h?lbﬂd %ﬁ‘der d&‘d E&Qﬂéﬂém
'une hydr aziunt thetreadtion teccomplets piiloned hycisdiation of EhoCiRI JorBd SoRlp¥dia by KR pFiessses.
onditiens par ailleurs inertes, caracterise en ce que |le sel de rhodium
st | e triH: tA processiaccerdiogl tauchaim 2, wRreit tdehygragenatioh id carroe \ban4li aCiainpditurd between
aracteri se &h Q:é"dcﬁH@JtP‘b Cphosphl ne tertiaire est la triph6ényl phosphi- 30
e, |'hydrazine est |'hydrazine en tant que telle ou son hydrate et le
ol vant _est drPrepeesosrording fo1¢aim 9 vdereln ocsstsiyst hes seen nugpered witbhut igolation immedtely
rocede "Sui vARY 19 User BX 1eAqing. thogivsy, tripitratg gihydegte witts threg gndt & haff raolgscof pirbgswiphdsohrine
laire des ra% ‘ﬁ'f"l“f‘%m(f%'@ﬁ\es%fhﬁ?fﬁ?“c‘??éﬁ‘ﬂ'é °h‘6P‘E“"dE'"'H?‘ﬁ9‘H¥déR‘% de tr| n| t rat e

e rhodlu 1 hen hosphi ne et de 3
oo a i 2 et ol T G kR 9 B o s e o o ez
Procgge SU|vant une quel conque des revendications 1, 2 et 3,
aKagt er i SgavehuiCRioRd'e | € systene catal ytique est pr epar e, sous une
t mospher erdvfdidtionEouk ﬂs%?dﬂ cdrtabtahts lsGRar& AT é %HaD ?'Hiieﬁagv rlﬁ, &tre
a tenperature anbiante et |la tenperature de refluk ocdpe
ui vant d' ﬂnm&iédﬁsprégﬁhé@dihdd &ﬂéyht@rﬂ@ cétalyt%uéaﬁ hy%rog@n%s@rpﬁﬂob% Bhteffit dHfodi l&ﬂﬂ
yst emezscat akyitdofprencora tréddfioR N el derhédid! ' o'uAlé Rytrdtite EB brBkdshoskink G Qth
Phydr ogdnat keivant fus dds @orRiliensdi ARG ldeﬂes[ Y RBASECA L Qo 1bseICR rRSeuR dsB18 tiAllrafe€
u'on fait readwodiudu di hydrate de trinitrate de 45 rhodi.um de la
ri phenyl phosphine et de |'hydrazine on presence de m-thanol d6gaz4 sous
ne at nosRieProcddd srivant la dwendizatiop n ccarotiitisé wh Ice dessla plispirexertaird @st 14 BipdyIEiDsghi-et
1: 50 % Er ng Igimzieq gstihydrazine en tant que telle oh sdril fytifiete étukHsdijaht et drdlcobll alipHatiqu C
M S* NOcaepgnt 1 & 4 atomes de carbone. | Ph P@ A-N2 2 PPh3

3~ 11 Rh Rh Rh'-R Ph PP/ NN/ PPh 3

3 2 H, M@ dé vant la revendication 2, caractérisé en ce que la proportion molaire des réactifs calculée
pou chaque mole de dihydrate de trinitrate de rhodium est de 1 & 4 moles de triphénylphosphine et de

35 1 2 4 moles d'hydrate d'hydrazine et en ce que le solvant est du méthanol dégazé.

4. Procédé suivant I'une quelconque des revendications 1, 2 et 3, caractérisé en ce que le systéme
catalytique est préparé, sous une atmosphére inerte, en faisant réagir les réactifs & une température
entre la température ambiante et la température de reflux du milieu.

§. Procédé suivant I'une quelconque des revendications 1, 2 et 3, caractérisé en ce que le systéme
catalytique est préparé "in situ” dans un mélange de réaction de I'hydrogénation.

6. Procédé suivant la revendication 1, caractérisé en ce qu'on fait réagir du dihydrate de trinitrate de

45 rhodium, de la triphénylphosphine et de I'hydrazine en présence de méthanol dégazé sous une
atmosphére inerte, de maniére & obtenir des complexes des formules l et Ii :
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3 20 ' H , H 12 I (B : 3
g 0 e o aegmens NGO
~ 3 . i’ 3 H H-2 NO 3 * ¢ L * ?
fornmul es dans | esquelles Ph repr~sgnte un groupe ph~nyle, en utilisant pour |
-chaque nol e do dihydrate de tri Mottate de rhodium un excbs de

tri ph~nyl phosphi ne, de prdfdrence3a noing,trois noles et deme, et au

noi ns une nole d' hydrazine. 35 7. Pr dei%kyivant | a revendi cation 6,
caracterig6 en ce que I'aﬂlgB%@en) ETTE"N%@de IPPhéote. 8. Procede
suivant |'une ou |"autre des regardi cations Rﬁ(’?, aract6rise en ce quo

| * hydeazi ne est | a base anhydpe ow | e nonohydratg. 40 9. Procede

d' hydrog6nati on stereosel PVe d'wﬂsnﬂ‘Tﬂadditi@Wh "acide de la

6- denet hyl - 6- d6soxy-B- nbth Iene-5-h&drox etracyclihe en pr~sence d' un
catal ysewr pour pr6parer 1'-6-d6soxy-&-hy I‘Z)Xﬁt@ tracycline avoc un
rendenent et une purete 6l ev6s, caracterise e 0c0 quo | e catal yseur est un
systene catal ytique prépare par |e procede suivant |'une quglyonque des
revendications 1 a 8 et en ce quo 45 - |'hydrogenation est realisee a une
tenperature conprise entre 60* C et 100 *C, a une pression de 1 | 10 kg/cn®
et sous des conditions acides, jusqu' a |'achbvement de |a reaction, cette

phase etant suivie par |'isolenment du conpose ainsi forme par. des processus
connus. 10. Procede suivant |a ngendication 9. caracterise en ce que
| ' hydrogenation est r6alisse NQune tenperatu- 50 re conprise entre 85*%

C et envigyon 90* C. 11. Procedds ivant}ia.revendication 9, caracterise en
ce. quo | e catal yseur a ete prepar?zsans.lsolenent juste avant d' Qre

ut Mise, par la reactioRhd dehé%mabqjﬁﬂtrQni PBBe de rhodium de trois
nmol es et denie de triphen%lbhﬁ I nepgt d“u a quatre nol es d' hydrazine
par nol e de di hydrate de tr)nl Kat 8~ 6255/, < hodium 12. Proced6 suivant

| a revengd cation 11,.caPh$Eerise Qh—te-Qho lon 8PR}ise trois noles

d' hydrazine par nole de dfhydrateyde trigitrate de”rhodium 12 *

'S ~~~~EP G 283 Ad Bl 21L& ii ii 111 *1C L M

S 1 13. Le produit dinitrate de di(pi-hydraﬂgfe-Nl

: N2) - bi s[ bi s(triph6nyl phosphi ne)rhodium (1)].714. Le pr¢diit) dinitrate de

, a- 3- car bopent azane- N , N4; N2, Ns- bi s(bi s(tri phdnyl phosphi ne)rhodium (1)]. s
Revendi catl ons pour |'Etat contractant sulvant ES 1. Procede de preparation
d' un systene d&sndesdangiamvelion fhifepigernterun SrPupR PREGEN €N diisnt prin chagve mele s dimdratsui
conprend | a r Sa&niER derhadiur.ain euds dp sighdmmiphagehingedeRreffragee de meins ioig meles ot demie,
phosphi ne t er € ipnsyaggolp AhdnzPent sous des conditions par ailleurs

inertes, ®aracterj.se en ce e le sel rhodiumest le trinitrate 10
de rhodi um 7. (E’rocgclé suivant la reven H:ation % caractégs% en ce que l@tmosphére inerte est de I'azote.

8. Procédé suivant I'une ou l'autre des revendications 6 et 7, caractérise en ce que I'hydrazine est la base
anhydre ou le monchydrate.
\/ 40

9. Procédé d'hydrogénation stéréosélective d'un sel d'addition d'acide de la 6-déméthyl-6-désoxy-8-
méthyl@ne-5-hydroxytétracycline en présence d'un catalyssur pour préparer I'a-8-désoxy-5-hydroxyté-
tracycline avec un rendement et une pureté élevés, caractérisé en ce que le catalyseur est un systéme
. catalytique préparé par le procédé suivant l'une quelconque des revendications 1 & 8 et en ce que
4 I'hydrogénation est réalisée & une température comprise entre 80° C et 100" C, & une pression de 1 3
10 kg/cm? et sous des conditions acides, jusqu'a I'achévement de ia réaction, cette phase étant suivie

par l'isolement du composé ainsi formé par des processus connus.

10. Procédé suivant la revendication 9, ca.ractérisé en ce que "hydrogénation est réalisée & une températu-
so  re comprise entre 85 C et environ 90" C. '

11. Procédé suivant la revendication 9; caractérisé en ce que le catalyseur a été préparé sans isolement
juste avant d'tre utilisé, par 1a réaction de dihydrate de trinitrate de rhodium, de trois moles et demie
de triphénylphosphine et d'une A quatre moles d'hydrazine par mole de dihydrate de trinitrate de

55 rhodium. ' .

mo--- oo --42, Procédé suivant la revendication 11, caractérisé en ce que I'on utilise trois moles d'hydrazine par mole
de dihydrate de trinitrate de rhodium. :

12




fertiaire est l|a.triphenyl phosphi - Eneyzab 'sheBtaZi ne bst

que telle ou son hydrate et |e solvant est un al cool aI|

I A 4 atones ‘de carbone. 15 3. Procede suivant |a revendi catlon 2,

car act er | s khPre@uitdiifdrae ge dilitydiegineot Nfbiglbis(sipkfisyiphostinelriodiumal)t ul ~e pour
"haque nol e de di hydrate de trinitrate de rhodiumest de 1 a 4 noles de

[ ri phényl p"ﬁbk?)?ff’% dinjtratg e ¢-3:carponeptpzane-N1. NN r”htbéfbéP(tFBhﬂWV&’i‘PWE'"@thOW 88 que le
50l vant _e hano aze. Procede suivant |'une quel conque des
revendl éaﬁ%ﬁ%dif P %ﬂ"’%%f‘t&%%&f‘g% ankFSce que I e syst brre catal yti que est

br epars’ SOUB, §Bpo%roe A deLLe atS f g? es reactlfs a _une
orperaturs Efm;%;@ fﬁ e H;’a% rﬁﬁﬁ%ﬁ&% '"% e%gﬁew i gﬁlf-"s
Car act dji s6 gg\,hgtﬁu,z{ue e sgls?tperrele t|nc é est TdSt 'ﬁt" Kk
dans un nel ange de r6action de ‘| Phydroanat | on 6 Pr oced6 sw vant | a

F evendi catal Oprodédé S@vanCih RdvbriiRatRh 1 Crabisrisdan E&bde 15 prSpHineUbhidith R ﬁf:f%nﬂ@nosphl-

[rinitrate des, rivaezidbst teydtadind b RRGHY 11D QS BEH MArafdt et e sdivahl el @G a‘?lﬁhathue
pr6sence de coatshanOb 4a@8@2 6 Gftdfe. UNE at mosphere inerte, de maniere

D" Procede sui vant' | a revendication 1, caracter.is6 en c MH!@

bbt eni risdes conpl exes des fornmules | et 11: 30 NGB8 3H H 35

Ph P 0 3. Procéd@ suivant la révendication 2, caritftis8Sen cddpe 14 phddbrih rholfire des Zsabtiis Bilcuige N
N- N pour chaque mole deflinygHate de trinitrife 41 rhodium est de 1 2 4 moles de triphénylphosphine et de

D 2  NDA@clehydratg d'iBiragige ¢t3n co QIE:'S Sol2BPs6duGndBianol degazé | i1
11 -1 1 I NO3 H H5 Nl~~~~~~~~ 2 S

~~)C7~Pﬂ 3|§ Procédé spn@nt I'qqe guelconquer depwpqqnqqutlons 1, 2 3, caractérisé @hc¢ qud le/ systdPe

XX~ Ph P~ Niétalytiaye °SLFfﬁPaﬁB sous une atmosphere inerts, en faisant réagir les réactifs 2 ppe températurp]

PNO < N3 ontrs la tempé’a“('e fpmbjanie st (3, ierergratys do 'Pflé'éél'dlé‘l"?‘és Ph represente un

gr oupe ph ny nut sant our ., chaqu ed|h drate de trinitrate de

rhodi uny, 'Lg?eﬁ u:ﬂgéi’"re ) YF B I7Y %‘F"%ﬁ' E%oéfcg %"éé{if’ FbFheue lectvsemp| es
et demi‘@, et ad oI RS TRE Mol "'sh DAeRPHE. PrysFogERRie sui vant | a

_ revendi ca] Oﬁo&dé Q@&aﬂpfa%\}eﬁtﬁcaﬁéﬂ F%argé{&lsg oft g%ﬁ'gp?aﬁt re%g eJutéehygraEe «93 tnmtrgt‘e

rhodium,  de la triphénylphosphine et de I'hydrazine en présence de méthanol dégazé sous une
atmospheére inerte, de maniére 2 obtenir des complexes des formules | et I :
30 :

N039
H H
PhP © _H—~N © PPh
35 :
v N
3 m< 3
Ph3P/ \rl{—-r'i/ PPh
o/ o H H
2 2 o
",

(1)

45

65
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8. Proced6 suivant |'une ou |"'autre_des reivendi cations 6 et 7, caracterise
en ce que |'hydrazine est |a base 55”&/@3@ 8B e m)nohydrﬁmmﬂm"ﬂ”,' de
d' hydrogenation stereosé6l ective d un sel d' addition d' acllt ” r,ﬁm
6- dénbt hyl - 6- ddsoxy- 6- met hyl bne- 5- hydr oxyt etracycline en prceséncé d®un*
cat al yseur pour preparer |'a-6-dgsoxy-5-hydroxyt6- tracycline avec un
rendenent et une purete el ev4s'!0%car acteris6 en ce que |le catal yseur est un
systenme catal yti que pr6pare par “ eyprocege suivant |'une quel conque des
revendications 1 a 8 et en ce gue k2hydregenation est realisde A une
tenperature conprise ent?'%PGQ -9&" ,\Q%n;,g? sion de 1 a 30 10
kg/ cqR, et sous des conditions ggl des,CH usqu' Rh’| ' achbvenent de | a reaction,
cetteiphase etant suivie rA"isolehed g com)eéle ai nsi forme par des
processus connus. 10. Pr de suiv rm','revendi jon 9, caracteris6 en ce
gue | ' hydrogenation est reall see aHune t#np6ratu- re conprise entre 85 C et
environ 90* C. 35 11. Procede suivant |a fevgn® cation 9, caractefise en ce
que |l e catal yseur a ete prepar6 sans isol enefit3 juste avant d' etre utilise,
par la r6action de dihydrate de trinitrate de rhodium de Hrdis noles et
dem e de triphenyl phosphine et d une a quatre noles d' hydrazine par nole de
di hydratf® de trinitrate de rhodium 40 12. Proodd4 suivant |a revendication
11, car act er {fBUles fapslegnualles Phy ropresents; un grqupe,phényle, g utiligant gor ghaays.m ‘é]f;"" fipydatgy o
di hydrate de dF Finfrpe da g 'Bfg’, YN RS PRV IBRASRITS p PO IR OORS BB Ao IR EB PR PPy
fol gende Ver CHEJIUPLI DAP IR 448 o DE, FR @B, GR, IT, LU, N, SE 1.
Ver f ahr ur, el | ' r | ' ‘
Kat al ysg{]o%sfédt's%;r?:s‘”%‘#Hl?ﬁ’aﬁcgt?bﬁgg%%%g%}s'@&n gL %f‘n%?'gap“f& g@%ﬁ@?ﬂ% |°tue'm Sal zes,
ei xes Hydrgaziphsg Sk F ' . ' [ j b ] r
ansonst en Enareal it A8 of Rt QT oRigRAR b3 cpd AT T SARUTORAERY Sk
Rhodi um Sal z Rhodiuntrinitrat ist. 2. Verfahren nach Anspruch 1, wobei das
tertiaregs POOPRIE dhydRigeialidnP§istsdetibdivd Slun s8R adiditidh AFdcide Had Ok BZdsmethpleRBtoxpeer
dessen Hydr atméthykne-BusddRistla@ing @6 prdsbeb deh Ratalldephpdut SrebeRdr 'NeloasRy-5-RydroxgsN
bi s vi er Kohlretysline t¥ec Aih estiiéimentdt undfuredé ¢1M(@s, fcataci@izs BA G qudNe pataldbur st unaldmedas
Mol ver hi | t ni satelgtiqudRedpped par 8¢ ploeiié geivant Uidne eusicduide disaeenditationsiit ¥ atet di by dueat
ei n bis vi er 'fofogérBtianisiendglisqeliose henmpstatub @imprissi evtre BETC HODE G- dnea piessivpaie dta
i st undaavobeil0 daem? & sensglesridntiitidns @cidagainsae’s It vemeot dei g téactibd, cette [HERSe(StMERivER] 6
Bli , par F'isplerpant ¢y qompp$é| aiysi farné peyr dep propessusonnus. M 5 4. Verfahren
nach AnsprUchen 1, 2 oder 3, wobei das Katal ysatorsystem unter einer
| nert at nosPh&rasédd rivant raeyRRdcalen Jefaraieaticean £p ke Bwozq%ﬂ@ﬁ est &iaiRdp Atung terpfratthen
Raunt enper at & SomREeepare ®UCIE ¥ I8n%- peratur des Mediums hergestel It wird.
5 5. Vi fﬁhrpen, ach Ans r~ﬁh n_gl, 2 odor 3, wobei das Katal ysgtorsystem
Yin situr ThECH S A e :gag‘f"e-"? ﬁ%ﬁo it B S P oy oger

e avant d'efra utiliss, a reac rate de trinilrate de um. de trois moles et demie
Verf ahren nadff t(%'ﬂ? | % ' ot AUNGS & %e Ll AL pos D b b trinitrate_de
Tri phenyl phogphiA i razinin - genwa:y? vonPert gas erf Wefj%anof unt er
ei ner |pertatnosphdre zur Reaktion gebracht werden, unter 10 Bi | dung

vorKonp €32 brdddds sHivdht laQ&VBRdidatioh 14 Mdrakibrisé en ce que I'on utilise trois moles d'hydrazine par mole
de dihydrate de trinitrate de rhodium.

Patentanspriiche .
45 Patentanspriiche fiir folgende Vertragsstaaten: AT, BE, CH, DE, FR, GB, GR, IT, LU, NL, SE

1. Verfahren zur Herstellung eines rhodium-haltigen, homogenen Katalysatorsystems zur Hydrierung, das
die Umsetzung eines Rhodium-Salzes, eines Hydrazins und eines tertiiren Phosphins in einem
Ldsungsmittel unter ansonsten inerten Bedingungen umfaBt, dadurch gekennzeichnet,” daf das

80 Rhodium-Salz Rhodiumtrinitrat ist.

2. Verfahren nach Anspruch 1, wobei das tertidre Phosphin Triphenylphosphin ist, das Hydrazin Hydrazin
solbst oder dessen Hydrat ist und das Losungsmitte! ein aliphatischer Alkohol mit ein bis vier
Kohlenstoff-Atomen ist. :

3 _Verfahreh nach Anspruch 2, wobei das Molverhéiltnis der Reagenzien bezogen auf ein Mol

. Rhodiumtrinitrat-dihydrat ein bis vier Mole Triphenylphosphin und ein bis vier Mole Hydrazinhydrat ist
und wobei das Ldsungsmittel entgastes Methanol ist.

14
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3332 : 2 NO3 25 § S H®2

P ( Nl %Zﬂhremacﬂomp%&en 1, 2 oder 3, wobei das Katalysatorsystgfn unter einer InertatmoEﬁiheére
Rh rch Reaktlon%ar Reagenzien Bei Bﬂeﬁ' emperatur Mhdchen Raumtempd}gur und der Ruicil

H . H 3pératiQied Modilihs hordddtelit wiraWOr i N Ph Phenyl ist, wobei je Ml
odiumrinitrat-di hydrat ein Cberschul an Triphenyl phosphl n, vorzugswei se
ni gst eRs sir &einron ahdh Aeprichen N o463, YobeR OB mwsd\&éystblyidrnaau"nn €ihét ¢y Edirunsre-
rden. 7. Verktidhsnisehung brgéstsipiitdch 6, wobei di e | nertatnosphare Stickstof f
i st. & & Verfahren nach AnsprUchen 6 und 7, wobei das Hydrazin die
wasserfrei es. Ba!sﬂahmdmacldenspd_wmnmcueiaihodlimtrinitﬁn-diWrat.a'llripl@nvlmosphis\t wd dyderie it Geen
Hydri erung ei gesvaGaan @aidabtam Mathamal unter einen ingrtaaasphiirehsur -ABaldiers ggbyacht werden, unter
met hyl en#6s- hy dildurg vant Komplprdninit den Famglahvrdrlt ei nes Kat al ysators zur
H
u

pr st el | ung von a- 6- Desoxy-5- so hydr oxytetracyclin in hoher Ausboute
nd Rei nheit, dadurch gekennzei cwa, daB der Katal ysator ein .

Kat al ysat orsystem i st, hergestel mt Hlfe des Verfahrens nach

i 1 gendei nem der Ansprtlche 1 bis 83 Hwnd dig Hydrierung durchgefUhrt wird
bei einef® Tenperatur zw sc@;a 80,C u 100'2': be| e| nem Druck von 1 bis 10
kg/ cn2 und unter sauren Be 3? e bis z z |gkeit der Reaktion,
gefol gt von Isolierung der so geRh | det en Ver bR u t H | fe bekannter
Verfahren. 55 10. Verfahr ey @afh ANS ruch .~ WoDRi gle Hydri erung bei einer
Ter nper agur zwi schen 85 C urgd etwa chgeftIRP vm rd. 15 EP O
28%-61 6 Bf J 1111111111 D 1 11111111 C L M S * 11.
Ver f ahren nach Anspruch 9, wobei der at al ah&r@hergestellt wur de, ohne

| $olierung unmttel bar vor

(1)
25
- %
3
H H
30 3 \ -/
i, a3
PP’ SN Nppp
| H i,
35 @
NO
3
( 11)

\ 40 worin Ph Phenyl ist, wobei je Mol Rhodiumtrinitrat-dihydrat sin UberschuB an Triphenylphosphin,
vorzugsweise wenigstens dreisinhalb Mole, und wenigstens ein Mol Hydrazin eingesetzt werden.

7. Verfahren nach Anspruch 6, wobei die Inertatmosphére Stickstoff ist.

45 8. Verfahren nach Anspriichen 6 und 7, wobei das Hydrazin die wasserfreie Base oder das Monohydrat
ist.

9, Verfahren zur stereoselektiven Hydrierung eines SHureadditionssalzes von 6-Desmethyl-6-desoxy-6-
. methylen-5-hydroxytetracyclin in Gegenwart eines Katalysators zur Herstellung von a«-6-Desoxy-5-
50 hydroxytetracyclin in hoher Ausbeute und Reinheit, dadurch gekennzeichnet, da der Katalysator ein
Katalysatorsystem ist, hergestellt mit Hilfe des Verfahrens nach wgendemem der AnsprUche 1 bis 8,
und die Hydrierung durchgefiihrt wird bei einer Temperatur zwischen 80°C und 100° C, bei einem
Druck von 1 bis 10 kg/cm2 und unter sauren Bedingungen, bis zur Volisténdigkeit der Reaktion, gefoigt
von isolierung der so gebildeten Verbindung mit Hilfe bekannter Verfahren.
55 .
10. Verfahron nach Anspruch 9, wobei die Hydrierung bei einer Temperatur zwischen 85°C und etwa
90° C durchgeflihrt wird.
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/ér wendung, durch Reaktion von Rhodiuntrinitrat-di hydfa ' ey '
| en Triphenylphosphin und nit sinef@Pl283tw16B1VDI en HyJi!!ﬂ!'m ”B [ ,
odiuntrinitrat-di hydrat, s. 12. Verfahren nach Anspruc £ WD n

| e Hydrazipg je Mol Rhodiumtrinitrat-di hydrat verwendet werden. 13. Die
er bi ndl ung 11."Verfahren nach Anspruch 9, wobei der Katalysator hergestelit wurde, ohne Isolierung unmittelbar vor

(-l et POt Ftier o FEHBACHN Syt ey dbr et

1
. . d t3 e A
14. Di e Verbi ndlﬂna“t ier jumtrinitrat-dihydrat,

3- Car bopent - N : - bi i s(triphenyl phaosphi n)rhodi unel)]-dinitrat
 Patent g%s p?ﬁa@%ﬁgﬂr F @%ﬁ%ﬁﬁg Ir?'s bgéet? ?blévp F’aﬁ%lr '%RP"I\'/@'?J;W"I uf%?’ drat verwendet

Her st &Ff ung ei nes rhodi um hal ti gen, honpbgenen Kat al ysat orsystens zur

drierung, fasid @rbandundﬂiﬁ.ihymaﬁw@mgbigi,igxfﬁahe&gaggﬁmgﬁb%luﬁ,tﬁaﬁn@apes Hydrazi ns

und eines tertiiren Phosphins in el hem Losungsmtt u ransonsten

i nerten Bedi 14 DRORRbINIIAGEL 3-CarShpEHLENINOOH@INA 2. il sh ; i Ly Sal z
Rhodiunmtrinitrat ist. ZgaLVer?bghren ng?h _AnspE uch %@M\%ﬁ%ﬁrr)ﬂ%@gﬁl}ﬁ@{u@e
Phosphi n Tr i petaadspluoseiii folgendlen Yiatagsydstogs N Hydr azin 20 sel bst oder
dessen Hydrat ist und das Losungsmittel ein aliphatischer Al kohol mt ein
bi s vier Koht eNerfabieh zixt Herststiurigsines Bodilve-hdltigen, clomogbadn KithBatdS)stets 200RRIrerdRS das
Mol ver hal téni s dier Urestegea pinesn RvsiiuoeRalzos LHineg i Hydrabitd ulth eitlesu irtiEieni Poaghindi iR yeiHemt
ein bis vier NbPEngemitieharign peorsteni inerten dBesiingurigers urrifast, dedireh Hdgkkmamichiy daaat das
i st 25 und RoRsiyeTSalpfhodiviatiniepdist. t t el ent gast es Met hanol ist. 4. Verfahren
nach AnsprUchen 1. 2 oder 3, wobei das Katal ysatorsystem unter einer

| ner t at mos pHar e'ERlieR Rachdasarich A. ¥Rbe! dRe seridre Ahesphin drihepylehosphisrisedaa tHydrazimHystrdzian
Rait empef®at ur s?ﬁfﬂ °8?r dasgsn kiyd(at {8 Hind slaF APsunomitie! wisgainhatisoher Qlsehok mitt eimyibisgvier
30 5. Verfahr efOIRERTARCMBtchen 1, 2 oder 3, wobei das Katal ysator syst em

"in situ" in e, hro VL gty ﬁﬁb(lg’t iq%)ns,\gjrl\fs? hitmg dgrer esta%eelml tbevgnégndh_f%_ Mol
Ver f ahren nach ef’ i a1 [eeagen bez ur e W
Tri phenyl ghosp &%ﬁﬁﬂ%ﬁ%ﬁﬁé& li:s é&goﬁgﬁphen;ﬂg%%& Ve '%fﬁs JRE Ya's Hripzinhydrat ist

. list, 9.
Met hanol unter einer |nertatnosphdre Zar Bekt i on gebracht werden, unter

Bi | dung von gKougHaRs® Radkl AnsslEdhed QF Sobd? 3, wHbk dﬁ%ﬁ?s %éfﬁ:gaeﬂgner Inelr:'lgimgsp%grg
zwischen’ Raumt
3

6S6 Bl NO 3 Hdurch ReaktiohldbrReagenzienltdi Shbr l:?erﬁperat tur und der RiickfluBtem-
Rh Ph NNNeratl¥RieH MEd#ns hergestellt wird. to |
~~~~~~~ ~0~~H H 27 2 NO 3

5. Verfahren nach Anspriichen 1, 2 oder 3, wobei das Katalysatorsystem "in situ” in einer Hydrierungsre-
aktionsmischung hergestellt wird.

6. Verfahren nach Anspruch 1, wobei Rhodiumtrinitrat-dihydrat, Triphenyiphosphin und Hydrazin in Ge-
35 genwart von entgastem Methanol unter einer Inertatmosphére zur Reaktion gebracht werden, unter
Bildung von Komplexen mit den Formeln | und 11:

45
50 -
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: ~~~~e NO 3 H , H12 1 PhP S

: * PPh 20 EP 0 283 616 B 13PU>N. oN7 -
:Rh - CH Rh Ph P7 N" 2 N- 3

~ H " H25
rin Ph Phenyl ist, wobei je Ml Rhodiuntrinitrat-dihydrat “eih (ber’schui
n Tri phenyl phosphi n, vorzugsweh € weni gstens dreieinhalb Mle, und
ni gstens ein Ml Hydra2| n ei ngeset zt werden. 7. Verfahren nach Anspruch
6, wobel die Inertatnosph~re Stlcksﬂ ff iBt. 35 a Verfahren nach
AnsprUcrfen 6 und 7, wobeipglgs I—@dra -n_di V\@SSEI’ eie Base oder das
Monohysef at ist. 9. Verfahre‘hmr ,s«t’ereose drierung eines
| ureaddi ti onssai zes von 6- Des hyl - 6- desothG-
et hyl en- 5- hydr oxytetracyg iprin é'e.maar,q/el nes pBRt al ysators zur

Her st el Lgng von a- 6- Desoxy-35- 40 } hydroxyt et racygl I n in hoher Ausbeute
und Rei nheit, dadurch gekennzei chneli da %1 tal ysator ein
Kat-al ysat orsystemist, hergestellt m t Hil Ver f ahrens nach

i rgendei nem der AnsprUche 1 bis 8, und die Hyd3| erung durchgefihrt wird bei
ei ner Tenperatur zwi schen 60 C und 100 C, be! einem Druck Ivdn 1 bis 10

kg/ cn2 wnd unter sauren Bedi ngungen, bis zur Vol lstfndigkeit der Reaktion,
gefol gt von Isolierung der so Pl deten Ver bi ndung mt Hilfe bekannter
Verfahren. 45 10. Verfahren nach3Anspruch 9, wobei die Hydrierung bei einer
Tenperatur zwi schen 85 C und etwa 0oC d{Jrchgethrt wird. 11. Verfahren
nach Anspr.uch 9, wobei d&h Kat@ys q{?eaqﬁtel pph\/\,urde ohne Isolierung
unhj)te?"oar vor so Ver g dureh tyOn vpn

Rhodi untrinitrat-di hydrat mt i e,ﬂ Rp Tri phenyl phosphin und mt
einem bis vier Mlen HydPh P(j e _Bhacu mr\l py at - di hydrat. 12
Ver f ahren nach Anspruch 9, 2wobei drlei Molle Hydra2| 18 j e Mol

Rhodi un}sri nitrat-di hydrat verwendet” wer de%. 55@17

No :
(11)

30 worin Ph Phenyl ist, wobei je Mol Rhodiumtrinitrat-dihydrat ein Uberschuf an Triphenylphosphin,
vorzugsweise wenigstens dreieinhalb Mole, und wenigstens ein Mol Hydrazin eingesetzt werden.

7. Verfahren nach Anspruéh 6, wobei die Inertatmosphire Stickstoff ist.

35 8. Verfahren nach Anspriichen 6 und 7, wobei das Hydrazin die wasserfreie Base oder das Monohydrat
ist. :

9. Verfahren zur stereoselektiven Hydrierung eines S#ureadditionssalzes von 6-Desmethyl-8-desoxy-6-
\/- ~ methylen-5-hydroxytetracyclin in Gegenwart eines Katalysators zur Herstellung von a-6-Desoxy-5-
40 hydroxytetracyclin in hoher Ausbeute und Reinheit, dadurch gekennzeichnet, daB der Katalysator ein
Katalysatorsystem ist, hergestelit mit Hilfe des Verfahrens nach |rgende|nem der AnsprUche 1 bis 8,
und die Hydrierung durchgefiihrt wird bei einer Temperatur zwischen 60° C und 100" C, bei einem
Druck von 1 bis 10 kg/cm? und unter sauren Bedingungen, bis zur Volisténdigkeit der Reaktion, gefolgt

von Isolierung der so gebildeten Verbindung mit Hilfe bekannter Verfahren.

10. Verfahren nach Anspruch 9, wobei die Hydrierung bei einer Temperatur zwischen 85°C und etwa
90°C durchgefihrt wird.

11. Verfahren nach Anspruch 9, wobei der Katalysator hergestellt wurde, ohne Isolierung unmittelbar vor
50 Verwendung, durch Reaktion von Rhodiumtrinitrat-dihydrat mit dreieinhalb Molen Triphenylphosphin
und mit einem bis vier Molen Hydrazin je Mol Rhodiumtrinitrat-dihydrat.

12. Verfahren nach Anspruch 9, wobei drei Mole Hydrazin je Mol Rhodiumtrinitrat-dihydrat verwendet
werden. .
55
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